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LIPID ANO PROTEIN ENERGY UTILIZATION IN STARVED 
BLUEGILL SUNFISH (Lepomis macrochirus) 
Bluegill sunfish were starved for 47 days. Samples 
of eight fish were taken on day 5 and on every seventh day 
following. Body composition was analyzed for protein, fat, 
and water. 
Percentage of protein based on total body weight stayed 
constant throughout the period of starvation. Grams of 
protein were highly correlated to body weight. Protein 
utilization, therefore, remained constant during the star-
vation period. 
Percentage of fat based on dry weight declined from 
day 5 to day 19 after which it remained at a nearly constant 
level. Grams fat showed a low correlation to body weight. 
Changes in fat occurred independently of body weight. fat 
utilization declined after 19 days of starvation to a lower 
.constant level. 
The percentage of water tended to_increase but no 
correlation occurred between fat and water. 
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INTRODUCTION 
many fish species, facing seasonal periods of starva-
tion, possess a tremendous ability to survive the stress of 
starvation. Such feats of endurance have been a curiosity 
to investigators and many incidents of lengthy survival 
have been documented, including a male silver eel which 
survived four years without food at 15°C {Love, 1958). 
As observed in many studies, adjustments in physiology 
are made in response to starvation {Beamish, 1964; Savitz, 
1971; Parker and Vanstone, 1966; Nimi, 1972). 
In fish, energy is provided primarily by protein and 
lipid utilization (Gerking, 1962; Phillips et al., 1965), 
while, in contrast to mammalian systems, relatively little 
carbohydrate is used {Phillips et al., 1948; Kitamikado et 
el., 1965). Investigations of starvation, therefore, have 
concentrated on protein and fat depletion. In starved blue-
' 
·gill sunfish, Savitz (1971) found that nitrogen excretion, 
a measure of protein consumption, was significantly lower 
than glucose-fed fish, but remained constant throughout 
the experimental period. Calculations of energy output 
demonstrated a greater reliance on fat than protein for 
energy during starvation. In largemouth bass (Nimi, 1971) 
and herring {Wilkins, 1967) starved for 40 and 120 days 
1 
F 
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respectively, protein and fat constituents of body compo-
sition decreased. During the initial stages of starvation, 
lipid utilization declined to a slower, steady rate of 
loss. The percentage of moisture increased as starvation 
progressed. Initially, similar results were observed in 
pink salmon, but as starvation continued and severe deple-
tion of fat occured consumption of protein increased 
(Parker and Vanstone, 1966). The design of this study is 
to measure protein and fat utilization in bluegill sunfish 
during a 47 day period of starvation from which we can 
ascertain the relative importance of fat and protein for 
providing energy as starvation progresses. 
p 
REVIEW OF RELATED LITERATURE 
The primary energy sources for fish are fat and pro-
tein. Food sources for fish are high in protein. Phillips 
et al. (1966) determined that 70% of the calories of natural 
foods utilized by fish are protein. Chinook salmon at 8.2°c 
and 14.4°c require diets consisting of 40% and 55% protein 
respectively (Delong, Halver, and mertz, 1958). In terms of 
body composi~ion protein is the most abundant constituent 
of bluegill sunfish protoplasm, and protein synthesis is an 
index of growth (Gerking, 1962)._ Energy in fish, however, 
is provided mainly by fat, which, when consumed at appro-
priate levels, serves as an energy source sparing proteins 
for other purposes such as building cells. Utilization of 
fat reserves during starvation has been observed by Nimi 
(1972), Savitz (1971), Wilkins (1967), and Parker and Van-
stone (1966). 
Carbohydrates are not, in general, important to the 
energy supply of fish. Trout, unable to utilize over 12% 
carbohydrates in the diet, deposit excess carbohydrates as 
liver glycogen. After a sugar meal, blood sugar may rise 
as much as 110% {Phillips et al., 1948). Fish may utilize 
limited amounts of carbohydrates immediately for energy, but 
3 
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excess ~ietary carbohydrates accumulate as glycogen in the 
liver and muscle (Phillips, 1969). 
Seasonal changes in the abundance of fat reserves 
occur in fish. Summer feeding results in large fall fat 
reserves in bluegill sunfish (Gerking, 1955), sardines 
(Krvaric and muzinic, 1950), and walleyes (Kelso, 1973), 
while low fat deposits occur in spring, attributable to 
winter depletion. Patriarchs (1968) found that growth in 
bluegill sunfish increased from may 20 to October 1 after 
which time no growth occurred. He assumed that changes in 
weight would follow the same seasonal pattern. 
During a period of starvation, fish utilize fat re-
serves and protein for energy. Starved bluegill sunfish, 
when compared to glucose-fed controls, had lower but· con-
stant rates of protein utilization during a 28 day period. 
fat was also depleted during starvation, and calculations 
revealed that a majority of the calories were provided by 
fat utilization (Savitz, 1971). Wilkins (1967) starved 
herring for four months and noted that fat reserves de~ 
clined from 5-8% to 0.8-3.1% of body weight, while, after 
substantial depletion of fat, protein utilization increased. 
Greene (1919) obtained similar results in king salmon during 
a four to five month period of migration ending in spawning. 
Examination of body composition in starved largemouth bass 
p 
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revealed loss of fat but protein utilization remained at a 
constant level throughout the forty day starvation period 
(Nimi, 1972). Nimi found that while lipid contributed the 
majority of calories utilized, as starvation progressed 
protein metabolism yielded increasing proportions of energy. 
Parker and Vanstone (1966) observed a decreasing rate of 
lipid utilization during starvation of juvenile pink salmon 
mith prolonged periods of starvation resulting in an in-
creased protein utilization. During initial periods of 
starvation, loss of lipid in terms of the percent of total 
body weight, resulted in an increase in the percentage of 
water, but under conditions of severe starvation, the com-
pensation of the percentage of water for a loss of fat was 
not observed. Phillips et al. (1960), analyzing weekly the 
body composition of brook trout starved at a.2°c and 14.4°c, 
noted that fish deplete lipid at a higher rate as the water 
temperature increases, demonstrating a 010 relationship be-
tween metabolic rate and temperature. At 14.4°c, in the 
final weeks of starvation after extensive depletion of fat, 
protein utilization increased, but no such increase was 
0 
.observed in fish starved at 8.2 c. 
Starvation studies have revealed that the combined 
proportions of fat and water components of body composition 
remain constant. A decrease in the percentage of fat results 
in an increase in the percentage of water and vice versa 
(Love, 1970). Brandes and Dietrich (1953) constructed a 
6 
fat-water line, percentage of fat versus percentage of water 
based on total body weight, as a measure of herring body 
composition and condition. 
Starvation causes a decrease in the metabolic rate of 
fish. In starved white suckers and brook trout, oxygen con-
sumption declined the first three days of starvation after 
which the oxygen requirement reached a minimum, constant 
level through the remaining seven days (Beamish, 1964). 
Savitz (1971) observed a lower rate of protein utilization 
in bluegill sunfish under starvation conditions. 
MATERIALS AND mETHODS 
Fifty-six bluegill sunfish, ranging in size from eight-
een to eighty-five grams with the majority of fish weighing 
about forty grams, were obtained from Spring Grove Hatchery 
located in northern Illinois. They were placed in a one 
hundred twenty-five gallon fiberglass tank in which the water 
was continuously aerated and filtered through glass wool and 
charcoal. The water was changed each week with water aged 
one week to allow escape of chlorine gas. The temperature 
was maintained at 24 ! 1°c during the experimental period. 
Starvation had begun five days prior to acquiring the fish 
from the hatchery, and upon receiving the fish from the 
hatchery, eight fish were immediately killed for analysis. 
Every seventh day a sample of fish was killed. Samples 
taken at days S, 33, 40, and 47 contained eight fish each, 
while those samples taken at days 12, 19, and 26 contained 
nine fish in each. The fish were weighed to the nearest 
0.1 gram on a triple beam balance (OHaus Scale Corp., N.J.) 
and dried seven days in a LaPine Laboratory Oven (LaPine 
Scientific Co.) at 95 ! 1°c to obtain dry weight. Percentage 
of water content of the fish was calculated from the differ-
ence between wet weight and dry weight divided by the wet 
weight. The dried fish were ground in a Wiley mill (Scien-
7 
tific Apparatus) through a 20 gauge screen and mixed to 
obtain as homogenous a mixture as possible. 
B 
Lipid levels were determined by the Goldfish fat 
extractor which employs anhydrous ether as a solvent for 
lipid. After dissolution of fats, the ether was evapo-
rated and the amount of lipid remaining was weighed. The 
percentage of fat content of the fish was obtained by 
calculating the amount of ether soluble material divided 
by the original amount of material subjected to the ether. 
The protein content was determined in each fish by 
the micro-kjeldahl method (Blaedel and meloche, 1963). 
The protein nitrogen of a weighed portion of fish meal 
was digested to an ammonium salt. The digestion solution 
contained: 1. concentrated H2so4 which converts protein 
nitrogen into NH 4Hso4 , 2. potassium which increases reac-
tion rate, and 3. a mixture of copper, selenium, and 
mercury which catalyze the hydrolysis of protein. The 
NH 4 +, the product of digestion, was mixed with 30% NaOH. 
The resulting NH 3 was removed by distillation and col-
lected in O.OSN HCL. This solution was titrated with 
·o.OSN NaOH using a solution of methyl red-methyl blue 
as an indicator. Protein was calculated from the titra-
tion volumes, equivalents of nitrogen, normality of titra-
tion solution, amount of nitrogen found in protein, and 
standard solutions. 
RESULTS 
The average weights of the fish in the sample groups 
are given in Table 1. Although the variation in weight 
between groups was small, the variation was sufficient to 
require that relative values of body constituents rather 
than absolute values be used. 
Relative amounts of protein were examined on the 
basis of wet and dry weight. The percentage of protein 
based on dry weight increased during starvation probably 
due to a decrease in fat rather than a real increase in 
the amount of protein. However, mean percentages of protein 
based on wet ~eight, or total body weight, did not signifi-
cantly change during the starvation period as shown in 
figure 1. A linear relationship exists between grams pro-
tein and grams of body weight (Figure 2). A test of corre-
lation between protein and body weight resulted in a corre-
lation coefficient of 0.93 which is highly significant 
' (p<0.001) (Sokal and Rohlf, 1969). Therefore, during the 
47 day starvation period the ratio of protein to body 
·weight remained constant. Since the proportion of protein 
in bluegill sunfish body composition did not change signif-
icantly during the experimental period, protein was being 
consumed for energy at a constant rate. 
9 
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Table 1 
Days of Starvation Weight of Sample Fish ( x ! S. D. ) in Grams 
5 36.6 + 11.e 
-
12 41.7 + 15.5 
-
19 43.8 + 17.8 
-
26 41.2 + 13.0 
-
33 41.0 + 9.9 
-
40 35.9 + a.o 
-
47 36.0 + 9 .1 
-
figure 1. Grams Protein per Total Body Weight 
( xprotein/xbody weight x 100 ! 95% 
confidence limits) versus Days of 
Starvation 
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The weekly mean percentages of fat calculated on the 
basis of dry weight are given in figure 3. A decrease in 
the fat percentage is noted on day 19, after which the 
proportion of body fat remains stable with a slight decrease 
on day 47. To evaluate the influence of weight loss on this 
decline, grams fat versus grams body weight are plotted in 
figure 4. A greater scattering of points in the graph 
indicates a lower correlation exists between fat and body 
weight. A correlation coefficient of a.SB also indicates 
e lower correlation of fat and body weight than was observed 
with protein. Some changes in fat, therefore, are occurring 
independently of changes in body weight. 
Changes in the percent fat in figure 3 were evaluated 
to determine whether the variation within the samples of 
each group is less than the variation between groups by 
performing an analysis of variance. An f value of S.94, 
p<O.OS, demonstrates that the variation between weekly 
samples is greater than the variation among samples within 
mach weekly group {Sokal and Rohlf, 1969). To evaluate 
the differences and similarities between the means of the 
weekly samples, a statistical comparison of means, ~ .E.!2!!,-
teriori, was calculated. A critical SS value of 127.51 
for the percent fat gives the sum of the samples squared 
for all the fish killed. means of the sample groups killed 
16 
figure 3. Percentage of fat ( x ! 95% confidence limits) 
versus Days of Starvation 
The trend of fat utilization is indicated by a 
line drawn by the method of least square~ 
( a = y - b(x) ). 
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on days 19, 26, 33, and 40 range from 11.6% to 13.2%, so 
that these groups were believed to be similar. Calcula-
tion of the SS resulted in 12.25, which is less than groups 
the critical SS of 127.51. Therefore, the means of days 
19, 26, 33, and 40 are not significantly different. No 
real change is occurring in the proportion of body fat 
during these weeks of starvation. The mean of day 5, 18%, 
mas tested to determine whether it was significantly differ-
ent from the means of days 19, 26, 33, and 40. The SS group 
of 168.05 was greater than the value of the critical SS 
which indicates a significant difference of the mean of day. 
5 to the means of days 19 through 40. A significant de-
cline, therefore, is occurring in the proportion of fat to 
body weight from day 5 to day 19. A comparison of the mean 
for day 12 from the four similar means also resulted in a 
significant difference of the mean for day 12 from the 
means of days 19, 26, 33, and 40. Although the final sample 
group, day 47, shows a decrease in percent fat, calculation 
of the SS for means of days 19, 26, 33, and 40 and the group 
mean of day 47 yielded 46.06 which, being less than the 
critical SS, indicates there is no significant difference 
between the means of day 47 and the means of days 19 through 
40. The tests of comparison of means, ~posteriori, reveals 
that initial fat levels taken on day 5 decline through day 
f 
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12 until day 19 after which the proportion of fat to body 
weight remains fairly constant through the forty-seventh 
day of starvation. A calculation of least squares based 
on these similarities and differences in means shows the 
trend of fat utilization in Figure 3. 
As starvation proceeded, the percentage of water 
tended to increase as shown in Figure 5. The relationship 
between fat and water was examined by calculation of the 
correlation coefficient. The correlation coefficient of 
0.23 does not indicate a significant correlation between 
the grams fat and grams water during this starvation 
period. 
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DISCUSSION 
Throughout the starvation period, the bluegill sunfish 
utilized protein at a constant rate. The protein content of 
body composition remained constant and showed a high corre-
lation to body weight. As starvation progressed protein 
was depleted in a constant ratio to the loss of body weight. 
Investigations by Savitz (1971) with bluegill sunfish, Nimi 
(1972) with largemouth bass, and Phillips et al. (1960) 
with brook trout at a.2°c all showed a constant rate of 
protein utilization during a period of starvation. Each 
study recorded moderate declines in proportions of fat during 
starvation. In this investigation, lipid levels in the sun-
fish did not fall below 10.0% of body weight. 
When lipids are depleted to extremely low proportions 
of body weight, protein utilization increases (Greene, 1919; 
Phillips et al., 1960; Parker and Vanstone, 1966). Greene 
(1919) observed decreases in percent protein of wet weight 
in spawning king salmon after a four to five month period 
of migration when fat was severely depleted. In brook trout 
·starved for 12 weeks at 14.4°c, protein utilization increased 
after fat content fell below 3.4% of body weight (Phillips 
et al., 1960). Parker and Vanstone (1966) in a study on the 
chemical composition of juvenile pink salmon observed that 
24 
r 
in late stages of starvation, with fat at 1.5% of body 
weight, protein was increasingly utilized. Initially, 
in all of the above studies, protein was utilized at a 
constant rate but catabolism appeared to increase when 
lipids were depleted to very low levels. 
25 
fish fat content varies with the season and repro-
ductive condition. Spring lipid levels are normally low, 
while summer and fall are periods of high fat content 
(Parker and Vanstone, 1966; Kelso, 1973; Krvaric and 
muzinic, 1950; Gerking, 1955). Such var~ations may influ-
ence the effects of starvation on the fish. The pink 
salmon starved by Parker and Vanstone (1966) were collected 
in late April through early June. Initial lipid levels of 
3.4% of body weight may explain why fat was severely de-
pleted after six weeks of starvation and protein utiliza-
tion increased. In contrast, bluegill sunfish used for 
this study were collected in September when, after summer 
feeding, lipid reserves were at a high level, 4.8% of body 
meight. These fat reserves maintained the sunfish through 
·the forty-seven day starvation period without requiring 
increased protein utilization for energy. However, fish 
with initially low lipid reserves rapidly deplete fat and 
must resort to increased protein breakdown for energy as 
starvation progresses (Love, 1970). 
r 
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Lipid reserves, initially 18% of dry weight of the 
bluegill sunfish, are decreased rapidly during the first 
nineteen days of starvation to 11.6% dry weight on day 19 
and remain at approximately that level through the final 
twenty-eight days of starvation. Figure 3 shows such a 
decline and subsequent leveling off of lipid levels with 
a line drawn by least squares calculation ( a = y - b(x) ). 
The rate of lipid utilization and thus, metabolic rate, 
appears to decline after the first nineteen days and re-
mains at a constant, but lower level during the final 
twenty-eight days. Such a decline in metabolic rate during 
starvation has also been observed by Beamish (1964). He 
found the rate of oxygen consumption in brook trout and 
white suckers declined during the first three days of 
starvation and stabilized at a lower level from day three 
through day ten. Nimi (1972) observed similar results in 
largemouth bass. He demonstrated that weight loss and 
energy utilization declined after ten days of starvation 
and then remained at a constant level through the fortieth 
·day of starvation. 
As body weight decreased the relative importance of 
protein and fat in contributing calories shifted during 
the period of starvation. The rate of protein utilization 
remained constant throughout the starvation period while 
p 
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the rate of lipid utilization initially declined and stabi-
lized at a lower level. Therefore, the proportion of 
calories yielded by fat declined while the proportion 
yielded by protein increased. After nineteen days of star-
vation, protein became a relatively greater contributor of 
calories than during the first nineteen days, as was also 
suggested by Nimi (1972). 
many investigations of fish during starvation have 
indicated the existence of a fat-water line where a decline 
in the percentage of fat is accompanied by an increase in 
the percentage of water (Greene, 1919; Brandes and Dietrich, 
1953; Love, 1970; Nimi, 1972). Although the trend of in-
creasing percentages of fats is evident (Figure 5), no 
highly correlated relationship of fat and water was found 
in this study of bluegill sunfish. many studies discuss 
the phenomenon of a fat-water line as indicating that losses 
of fat result in an uptake of water (Nimi, 1972; Love, 
1970). Examination of Nimi's data (1972) reveals that the 
percentage of water based on fat-free weight is initially 
·11% dropping to 76.6% on the fortieth day of starvation, 
indicating a decline in moisture content. Studies by 
Phillips et al. (1960) and Parker and Vanstone (1966) also 
fail to show an uptake of water under conditions of star-
vation, Since percent protein levels do not change during 
28 
starvation with the mild depletion of fat, increases in 
the percentage of water may be caused by declines in lipid 
levels. moisture levels, in terms of grams, decrease during 
starvation rather than increase (Parker and Vanstone, 1966; 
Nimi, 1972). No correlation between grams fat and grams 
water exists in this study as indicated by a correlation 
coefficient of 0.23 on a scale of -1 to +1. The fat-water 
line may be useful for indicating the condition of the 
fish, but it must be realized that it is a relative change 
in water rather than an absolute uptake of moisture in the 
fish body. 
CONCLUSION 
During a period of starvation, fat utilization in 
bluegill sunfish declined and by the nineteenth day stabi-
lized at a lower, constant level. The percentage of pro-
tein based on total body weight and protein utilization 
remained constant throughout starvation. However, lipid 
never declined below 10% of body weight, so the stress of 
starvation was not sufficient to require increased protein 
utilization. A response to starvation appears to be a 
drop in the overall metabolic rate since lipid utilization 
declines and protein remains the same. Such conclusions 
are consistent with other investigations (Nimi, 1972; 
Savitz, 1971; Parker and Vanstone, 1966; Phillips et al., 
1960). 
An interesting aspect of this study is the high 
degree of correlation between protein and body weight in 
bluegill sunfish. Such information may be useful for 
calculating protein available from a specific measured 
body weight and thus apply in constructing models of 
ecos~stems. Further investigations of this correlation 
of protein and body weight in fish will hopefully be 
stimulated by this study. 
29 
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